The objective of this experiment was to compare net nutrient absorption and oxygen consumption by portal-drained viscera (PDV) of catheterized Holstein steers (333 kg) when fed alfalfa or orchardgrass silage at two equalized intakes. The design was a 4 • 4 Latin square with a 2 • 2 factorial arrangement of alfalfa or orchardgtass fed at 65 or 90 g dry matter/kg "75 live weight daily. Blood flow through PDV (dilution of p-aminohippurate), net nutrient absorption and oxygen consumption (venoarterial concentration differences times blood flow) were measured hourly for 12 h, followed by measurement of N and energy balance over 7 d. Compared with orchardgrass, steers when fed alfalfa absorbed more NH~-N (P < .05), branched-chain volatile fatty acids (P < .10) and n-valerate (P < .05). Silage type did not affect (P > .10) blood flow to or O 2 consumption by PDV or net absorption of glucose, L-lactate, acetate, propionate, urea-N, s-amino N or most amino acids. Oxygen consumption by PDV as a percentage of whole-animal O 2 consumption was not different (P > .10) for steers when fed orchardgrass (27.2) or when fed alfalfa (23.6). Interrelationships between N and energy metabolism were responsible for the increased (P < .05) metabolizable energy/ kilogram silage dry matter and increased (P = .10) N retention by steers when fed alfalfa compared with orchardgrass. The PDV accounted for a substantial portion of whole-animal O 2 consumption.
Introduction
Direct comparisons of a legume with a grass have shown faster and more efficient weight gain in sheep (Rattray and Joyce, 1970) and steers (Tyrrell et al., 1982) and greater milk production in cows (Thomson et al., 1985) for the legume. Reasons for the improved performance are not clear; increased feed intake, rate of organic matter removal and flow of non-NH 3-N from the rumen, increased metabolizability of dietary energy and increased energy and N retention are associated with improved performance with legumes in such comparisons (Armstrong, 1982) . These factors imply differences between legumes and grasses in amounts and perhaps in profile of nutrients absorbed from the digestive tract. The first objective of our study was to compare net nutrient absorption l Rumin. Nutr. Lab., Anita. Sci. Inst., Beltsville, MD.
2 Pennsylvania State Univ., University Park, PA. 3Agric. Res. Serv. Received September 8, 1987 . Accepted January 5, 1988 in Holstein steers when fed a legume (alfalfa) or a grass (orchardgrass) at two equalized intakes. The second objective was to measure the proportion of oxygen consumption attributable to the digestive tract.
Materials and Methods
Four Holstein steers were allotted to the experiment from a group of 56 steers (209 + 35 kg) that were raised on same dietary regimen since weaning (Waldo et al., 1985a) . Steers were fed orchardgrass silage plus 50 g trace mineralized salt daily for about 30 d before the start of the experiment. Chronic indwelling catheters were installed in the hepatic portal vein and mesenteric veins as described by Huntington (1984) with the following modifications: steers were last fed 48 h and allowed access to water 18 h before surgery and the esophagus was not intubated during surgery. The right carotid artery was exteriorized (McDowell et al., 1966) during surgery to provide access to arterial blood by a temporary catheter. After surgery, steers were housed in individual tie stalls in a barn as described by Huntington (1984) and exercised daily.
The experimental design was a 4 x 4 Latin square with a 2 x 2 factorial arrangement of treatments. Treatments were alfalfa or orchardgrass silages fed at low (65) or high (90 g dry matter (DM)/kg .Ts live weight) intakes daily. Fifty grams of trace mineralized salt were fed to each steer daily. AU diets met or exceeded nutritional requirements for these steers (NRC, 1984) . Silages were early maturity, first-cut forages treated with .128% formaldehyde and .146% formic acid on a fresh weight basis at ensiling (Waldo et al., 1985a) . The alfalfa and orchardgrass silages were 26 and 25% DM, respectively. Dry matter of alfalfa and orchardgrass silages contained 35 and 59% cell wall and 3.96 and 3.18% N, respectively (Glenn et al., 1985) . Periods were 6 wk in length. Silage intakes were adjusted weekly on the basis of live weight and silage DM, except that intake level remained constant during the 5th and 6th wk. Silage was offered in equal meals every 12 h. Orts were weighed and sampled daily.
During wk 5, blood flow through portaldrained viscera (PDV) and net absorption of glucose, NH 3-N, urea-N and a-amino N (AAN) were measured hourly for 12 h, beginning .5 h before the morning feeding as described by Huntington (1984) ; arterial blood was obtained from a temporary catheter in the carotid artery. Blood flow was measured by dilution of a primed, continuous infusion of para-aminohippurate (PAH) into a mesenteric vein. Usually, measurements were made on two steers at a time. Oxygen consumption by PDV of steers was measured every other hour with an oximeter (Huntington and Tyrrell, 1985) . Volatile fatty acid (VFA) concentrations in blood were determined as described by Reynolds and Huntington (1981) . Concentration of L-lactate in blood was determined with a lactate analyzer 3. Blood was deproteinated with sulfosalicylic acid (10% v/v); supernatant fluid was lyophilized and stored until amino acid concentrations were determined by ion exchange chromatography on an amino acid analyzer 4. The week following blood sampling, 7-d collections of urine and feces and 3-d measurement of total 02 consumption were made as part of energy 3Model 27, Yellow Springs Instrument Co., Inc., Yellow Springs, OH. (Flattet al., 1958) . Procedures for determination of DM, N and energy content of feed, orts, urine and feces have been described elsewhere (Varga et al., 1987) . Net absorption, transfer or consumption of metabolites (except glucose) by PDV was calculated as portal blood flow multiplied by portal-arterial concentration differences. Glucose and PAH concentrations and flow rates were determined in plasma (Huntington, 1984) . Net absorption of VFA and amino acids was the product of average blood flow and concentration differences in aliquots pooled within steers and periods. Due to loss of patency of the catheter in the portal vein, net absorption and 02 consumption by PDV were not measured for one steer fed alfalfa silage at the high feeding level. Means of hourly measurements for steers within periods were generated by the means procedures of SAS (1982), except for pooled samples as described above. Analysis of variance was conducted using the General Linear Models procedure of SAS (1982) with steer, period, silage, intake and the silage x intake interaction tested against residual mean squares.
Results and Discussion
Compared with steers when fed orchardgrass (P < .05), those fed alfalfa weighed less but ate more N and more metabolizable energy (ME; Table 1 ). Daily DM intake/kg "Ts live weight was greater (P < .05) for steers when fed alfalfa than when fed orchardgrass and tended to be greater when expressed as kilograms/day. Live weight and intake were greater (P < .05) for steers fed at high vs low intake (Table 1) . Interactions (P < .05) for DM/kg 'Ts , N and ME intake were due to proportionately greater feed intake by steers when fed alfalfa that when fed orchardgrass at the high intake level.
Net absorption of isobutyrate (P < .10), 2-methylbutyrate (P < .10), 3-methylbutyrate (P < .05), n-valerate (P < .05) and NHa-N was greater for steers when fed alfalfa compared with orchardgrass (Table 2) . Net absorption of L-lactate (P <. 10), acetate, propionate, isobutyrate, 3-methylbutyrate, n-valerate and AAN (P < .05) were higher at the high intake level (Table  2) . Net loss (negative net absorption) of glucose or urea-N was not affected by silage or intake (Table 2 ). There were no silage • intake interactions (P > .10). 
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Portal blood flow (P < .10), total 02 consumption and 02 consumption by PDV were higher (P < .05) at the higher intake level (Table 3) . Total 02 consumption was greater (P < .10) for steers when fed alfalfa than when fed orchardgrass. Similar to DM, N and ME intakes (Table 1) , the silage x intake interaction (P < .05) for total 02 consumption was due to a relatively greater feed intake for steers when fed alfalfa than when fed orchardgrass at the high intake level. Proportion of total 02 consumption attributable to PDV was not affected (P > .10) by silage or intake (Table 3) .
Energy absorbed as isobutyrate and 5-carbon VFA (2-methylbutyrate, 3-methylbutyrate and n-valerate) was greater (P < .05) for steers when fed alfalfa than when fed orchardgrass (Table  4) . Energy absorbed as acetate (P < .10), propionate (P < .05), isobutyrate (P < .10), 3-methylbutyrate (P < .10), n-valerate (P < .05), AAN (P < .05) and total energy absorbed (P < .05) were higher at the high intake level (Table  4 ). Heat energy (HE) from 02 consumption of PDV and total energy accounted for by net absorption and HE of PDV were higher also (P < .05) at the higher intake level. The proportion of ME intake accounted for by net absorption and 02 consumption was not affected (P > .10) by silage or intake, and there were no silage x intake interactions (P > .10; Table 4 ).
Summation of absorbed metabolites and HE from 02 consumption of PDV of steers accounted for 79 to 95% of ME intake (Table 4) , with trends for higher percentages for steers when fed orchardgrass than when fed alfalfa, and higher percentages for steers when fed at high than at low intake. Known metabolites that contribute to ME that were not measured include ketones and lipids other than VFA. Heat of fermentation is another component of ME that was not measured. The proportion of 02 consumption attributable to PDV, expressed as liters/day (Table 3) or calories (Table  4) , demonstrates the relatively high rate of oxidative metabolism by PDV; 8 to 10% of body tissues (Smith and Baldwin, 1974; Jones et al., 1985) accounted for 23 to 29% of whole-body 02 consumption or whole-body HE.
The increment in energy flux (energy from absorbed metabolites plus 02 consumption) across PDV due to increased intake was 101.5%" of the increment in ME (measured by respiration calorimetry) for steers when fed alfalfa and 92.7% for steers when fed orchardgrass (Table 5 ). The agreement between increments in energy measured by flux across PDV or by respiration calorimetry suggests that unmeasured contributors to ME increment increase proportionally to energy intake, or that there are countervailing biases in indirect calorimetry and summation of net flux across PDV. Unmeasured contributors appeared to be a larger component for steers when fed orchardgrass than when fed alfalfa. Differences in DM and ME intake by steers when the two silages were fed (Table 1 ) make direct comparisons difficuh, but proportional contributions of metabolites and 02 consumption point out differences between alfalfa and orchardgrass ( Table 5 ). The largest apparent differences were for 02 consumption by PDV of steers (orchardgrass > alfalfa) and net absorption of energy as acetate (alfalfa > orchardgrass), with differences of about 10 cal/100 cal for both of these sources. Proportional increment from propionate and organic acids other than acetate or propionate was slightly greater for steers when fed alfalfa than when fed orchardgrass, whereas the increment for AAN was slightly greater for steers when fed orchardgrass than when fed alfalfa. Thus, on a direct (Table 4) and proportional (Table 5 ) basis, steers when fed alfalfa had a greater caloric increment from organic acids, and those when fed orchardgrass had a greater increment from 02 consumption by PDV. On a direct basis, the increment for AAN was slightly greater for steers when fed alfalfa than when fed orchardgrass, whereas the converse is apparent on a proportional basis. Net absorption and N balance data showed that steers when fed alfalfa had more (P < .05) N available for absorption and metabolism, and metabolized more N, than when steers were fed orchardgrass (Table 6 ). Nitrogen retention was greater (P = .10) for steers when fed alfalfa vs orchardgrass. Similarly, N available for absorption (P < .05) and metabolism (P < .10), and N metabolized (P < .05), were higher at the higher intake level (Table 6) . Urea-N transfer from blood to PDV was not affected (P> .10) by silage or intake. Silage x intake interactions (P < .05) for N digested and urine N were similar to those previously presented; N digested and urine N increased more with increased intake for steers when fed alfalfa vs orchardgrass.
Summation of N compounds (Table 6 ) shows good agreement among N available for absorption and metabolism and N metabolized, except for steers fed alfalfa at high intake, where 236 g were calculated to be available for absorption and 208 g were accounted for by net absorption of AAN and NH3-N. Reasons for the discrepancy are not clear. Nucleic acid N absorption was not measured and perhaps was greater for steers fed alfalfa at high intake than for other treatments. Concurrent studies of N flow and fractional disappearance (Glenn et al., unpublished data) indicate greater duodenal flow of bacterial DM and bacterial N for this treatment compared with other treatments. The largest difference between silages was for more N available for absorption, greater absorption of NH a-N and greater urinary N excretion for steers when fed alfalfa than when fed orchardgrass (Table 6) ; greater urinary N loss, particularly for steers when fed alfalfa at high intake, is compatible with greater absorption of nucleic acid N.
The role of nonprotein N in overall N metabolism of steers is demonstrated by the proportions of N intake (Table 1) that are accounted for by net flux of nitrogenous compounds (Table 5 ). Among treatments, N absorbed as NHa-N ranged from 54 to 73% of N intake, N absorbed as AAN ranged from 18 to 26% of N intake and N transferred from blood to PDV as urea-N ranged from 15 to 20% of N intake. Steers when fed alfalfa tended to have greater percentages for NH3-N absorption; when fed orchardgrass, steers had greater percentages for AAN absorption and urea-N transfer. Nitrogen absorbed as NH 3.N was two to four times greater than N absorbed as AAN, and N transferred as urea-N was 75 to 86% of N absorbed as AAN (Table 6 ).
Calculation of proportional increment, or difference, between intakes within silages (Table 7) shows that silages were similar in proportions of N available for absorption as digested N and N transferred from blood to PDV as urea-N. The proportion of N available for metabolism as AAN was greater for steers when fed alfalfa, and the proportion available as NH3-N was greater for them when fed orchardgrass. Steers when fed alfalfa appeared to be greater than those when fed orchardgrass in the proportion of N excreted in urine, and less than orchardgrass in proportion of N apparently retained. Thus, on a direct basis (Tables 2 and 3) , steers when fed alfalfa had more N consumed and digested, more absorbed as NH3-N, more N in urine and more retained than those when fed orchardgrass; however, on a proportional basis (Table 7) , steers when fed orchardgrass appeared to be more efficient in that there was proportionally more N retained and less excreted in urine, but were similar to steers when fed alfalfa in proportions of NH3-N plus AAN available for absorption and urea-N transferred to PDV.
There were few effects of silage or intake on net absorption of amino acids (Table 8) . Net absorption of threonine and valine was greater (P < .10) for steers when fed orchardgrass than when fed alfalfa, and net absorption of glutamate (less negative), valine, tyrosine and alanine increased (P < .10) with intake. Other studies (Sniffen and Jacobsen, 1975; Huntington and Prior, 1985) have found that increased intake of N or protein was reflected in increased absorption of amino acids. A silage • intake acalculated from treatment means in Table 4 . bCalculated from treatment means in Table 1 . level interaction (P < .05) for glutamate was due to no effect of intake level for steers when fed orchardgrass and increased (less negative) absorption with increased intake by steers when fed alfalfa. This interaction is difficult to explain with existing data other than to say that factors affecting glutamate use by PDV were more pronounced for steers when fed alfalfa than when fed orchardgrass. There were no interactions (P > .10) for other amino acids.
Lack of marked effects of silage and lack of silage • intake interactions on net absorption of AAN (Table 2) or individual amino acids (Table 8) suggest that improved N retention or metabolizability of alfalfa is not due solely to an increased supply of amino acids. If diet composition has little effect on the amount or profile of amino acids from microbial sources (Bergen et al., 1968) , and microbial protein is the predominant source of protein entering the duodenum (Steinhour et al., 1982) , then our results would be expected. Moreover, substantial metabolism of luminal amino acids by PDV further modulates absorptive profiles; 30 to 80% of amino acids that disappeared from the lumen of sheep intestine did not appear in portal blood (Tagari and Bergrnan, 1978) . and found that glutamate and glutamine were used by PDV of sheep, with amino N appearing as alanine, glycine or NH3, demonstrating the role of PDV in overall N shuttling or metabolism in the body (Bergman and Pell, 1985) .
Peptides may be absorbed from PDV (Webb, 1986) ; an estimate of that potential can be calculated by the proportion of net AAN absorption ( Table 2 ) that was accounted for by net amino acid absorption (Table 8 ). The calculation is approximate, because not all amino acids were measured, and the ninhydrin chemistry used for AAN would recognize a peptide as one unit. That proportion is .78 to 80 for all diets except for steers when fed orchardgrass at low intake (.95). Thus, .05 to .22 of net AAN absorption would be an estimate of peptide absorption in this study.
In conclusion, data emphasize the substantial contribution, or "cost," of oxidative metabolism by PDV and demonstrate the role of nonprotein N in overall N metabolism. Furthermore, data indicate that improved performance by ruminants fed legumes compared with grasses (Rattray and Joyce, 1970; Tyrrell et al., 1982; Waldo et al., 1985b ) is a function of an improved interrelationship between N and energy metabolism. Steers when fed alfalfa had greater net absorption of NH3-N and branched-chain VFA, which was associated with greater metabolizability and N retention. Evaluation of the caloric composition of the increment between intakes suggests that with alfalfa diets, the PDV used proportionally less energy but absorbed Table 6 . 
